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THE SOUND-TRANSMITTING APPARATUS OF 

SALAMANDERS AND THE PHYLOGENY 

OF THE CAUDATA 

E. E. DUNE" 
Smith College 

Researches by Kingsbury and Reed, extending through 
a number of years, have shown that the sound-trans- 
mitting apparatus of salamanders consists of two ele- 
ments. These are the columella and the operculum. 

In the most recent paper on this subject, Reed (1920) 
gives a resume of all the previous work, an extensive ac- 
count of the state of affairs in the Plethodontidce, a brief 
account of the conditions in other forms, and the findings 
are presented in the form of a family tree. 

The purpose of the present article is to add an account 
of the condition of the apparatus in two forms not seen 
by Reed, to question the condition described by Kings- 
bury and Reed for Dicamptodon ensatus (Ambystoma 
tenebrosum Auct.), to suggest a somewhat different inter- 
pretation of the facts observed by them, and to propose 
a somewhat different phylogeny, which seems to agree 
quite as well with the otic apparatus and far better with 
other anatomical features. 

Kingsbury and Reed (1909) were unable to examine 
any of the Asiatic forms related to Hynobius. These 
forms, as Cope pointed out long ago, are rather different 
from the Ambystomidce, with which they have usually 
been associated, and should in fact form a family Hy- 
nobiidce. 

I have recently been able to examine large series of 
Hynobius leecMi from Korea. This animal shows a con- 
dition of the otic apparatus different from any seen by 
Kingsbury and Reed, and a condition which I am com- 
pelled to consider primitive. Both columella and oper- 
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culum are present as free and distinct elements. Both 
are readily movable. There is a m. opercularis. 

I have not been able to examine skulls of Onychodac- 
tylus, or of Ranodon. Okajima's (1908) figures of Ony- 
chodactylus show only one element which is in appear- 
ance much like that of Cryptobranchus. This is very 
different from the appearance of the apparatus of Hyno- 
bius. It is evident that either fusion of operculum and 
columella has taken place or that the operculum has not 
developed. Onychodactylus is partly aquatic, a moun- 
tain brook animal. Cryptobranchus, which, as I shall 
show later, is a derivative of the Hynobiidce, has failed 
to develop the operculum. Probably the same is true 
of Onychodactylus and of Ranodon as well, although for 
the latter Wiedersheim 's (1877) figure is all we have. 
Still, as Kingsbury and Eeed (1909) say, his Fig. 67 
"suggests a condition such as is found in Cryptobran- 
chus." 

Rhyacotriton olympicus was not examined by Kings- 
bury or by Eeed. This animal (Dunn, 1920) possesses 
both columella and operculum. The columella is free from 
the periotic and is readily movable. The operculum is 
little developed. The animal is in part aquatic, a moun- 
tain brook species. 

Dicamptodon ensatus was examined by Kingsbury and 
Eeed (1909), and while my dissection of an adult showed 
the state of affairs which they describe, I can not follow 
them in calling it "much like that in the adult Amby- 
stoma." In adult Ambystoma the columella is solidly 
fused to the periotic. A bony operculum nearly fills the 
opening of the fenestra, and is attached by a membrane 
around its circumference. In Dicamptodon, on the other 
hand, about half of the fenestra is filled by the plate of 
the columella, and the remainder by cartilage. The car- 
tilage extends around the plate of the columella. There 
is nothing that could be called a definite operculum. If 
the cartilage is called the operculum, then the columella 
and operculum are fused and the operculum is fused to 
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the ear capsule by nearly its whole border. It seems to 
me that in this case the columella is at least more free 
than in Ambystoma, and the operculum less developed. 
This would be in line with what is known of the habits 
of Dicamptodon. It is a much more aquatic animal than 
is Ambystoma. 

In the Caudate sound-transmitting apparatus, taking 
Eeed (1920) as a basis, there are the following sets of 
conditions : 

I. Both columella and operculum present. Both free. 

Hynobius, Rhyacotriton. 
II. Operculum not developed. Columella free. 

Cryptobramchus. 
Megalobatrachus Sanodon ?, 
Onyehodactylus ?, Dicamptodon T 

III. Operculum developed, free. Columella fused to periotic, stylus present. 

Salamandra, Ambystoma. 

IV. Operculum developed, free. Columella fused to periotic. Stylus absent. 

Triturus, Pachytriton, P;eurode*es ?, 
Ty'ototriton 1. 
V. Operculum developed, free. Columella ?. 

Siren, Batraohoseps. 
VI. Both columella and operculum present, fused together, free from 
periotic. 

Necturus. 
VII. Both columella and operculum present. Fused together. Operculum 
attached by narrow fusion to periotic. 

Amphiuma, Plethodontidw 

(exc. Batraohoseps). 

Inasmuch as II is a condition found also in larvae, there 
is no reason to suppose that the animals in which this 
condition occurs form a natural group. 

Condition V has been commented upon by Reed (1920), 
and I am fully in accord with his ideas in this connection. 
Siren and Batraohoseps are certainly not related. Both 
are extremely specialized. Batraohoseps has certainly 
passed through stage VII. Siren has certainly passed 
through an ancestral period of terrestrial life, yet its 
other peculiarities are such that it is dangerous to state 
that its relationships are with the forms in stage IV. 

The forms which show condition VI and condition VII 
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form what Eeed (1920) calls Legion II, as distinct from 
the forms which, show conditions I-V (exc. Batracho- 
seps), which Reed calls Legion I. 

But the sound-transmitting apparatus of Necturus 
agrees with that of Amphiuma and the Plethodontidce 
only in having the columella and operculum fused. 
There is no reason to suppose that such a fusion may 
not have occurred twice, especially as the details of the 
fusion in Necturus differ somewhat from the manner in 
which the fusion occurs in Amphiuma and the Pletho- 
dontidce. In Necturus the columella forms a goodly part 
of the plate-like portion of the apparatus. In the forms 
of condition VII, the plate-like portion is almost entirely 
composed of the operculum, and the columella is repre- 
sented by the stylus. In this case the evidence of the 
ear bones is non-committal. Considered apart from all 
other features of the anatomy condition VII might 
equally well be derived from condition VI or both inde- 
pendently from condition I. But, as we shall see, evi- 
dence from other features of the anatomy precludes our 
regarding Necturus as intervening between the Pletho- 
dontidce and the other Mutabilian forms. 

It is extremely interesting to note that Reed has found 
almost exactly the same state of affairs in Amphiuma and 
in the Plethodontidce. The exact relationships of Am- 
phiuma have long been in dispute, and while I prefer to 
be conservative about the position of the animal, I 
think it extremely likely that further evidence will show 
that it is closer to the Plethodontidce than it was placed in 
the older classifications. 

Any classification should be based upon all available 
characters, so that possible parallelisms will not lead to 
wrong conclusions. In the present instance we are deal- 
ing with a stock neither absolutely terrestrial nor abso- 
lutely aquatic. Prom this stock there have been several 
branches which have become more aquatic and several 
which have become more terrestrial. Excellent examples 
of this are the numerous incursions into a mountain 
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brook habitat, with the penalty of loss or reduction of 
lungs. The list is extensive, Onychodactylus, Rhyaco- 
triton, four species of Triturus, Salamandrina, Chio- 
glossa, all the stock of the PlethodontidtB, an assemblage 
representing four families. The sound-transmitting ap- 
paratus is admittedly correlated with the mode of life. 
Therefore as a character in determining relationships it 
must be used with extreme caution. 

The following outline classification of salamanders 
does not counter any of the facts concerning* the otic 
apparatus, and is based on many characters. 

As regards the PletliodonUdce and the Hynobiidce, re- 
visions of both are nearly completed, based on the exam- 
ination of some 8,000 specimens of the first family and 
1,000 of the second. 

The Sirenidce are the most isolated group. Scarcely 
a character can be found to ally them with one or an- 
other of the main stocks. The pelvis is gone, the skull 
is that of a very specialized larva, the hyoids are those 
of almost any larva, the tail vertebra? are very different 
from those of any other salamander, inasmuch as there 
is no haamal arch. There are flat plates on each side 
which do not meet in the mid-ventral line. There is no 
prearticular. 

The Proteidce are only slightly less isolated. The 
pelvis differs in having an anterior median projection and 
no ypsiloid apparatus. The skull is larval. The bran- 
chial arches are reduced from the primitive larval quota. 
The prearticular is absent. 

The Amphhimidce also have modified larval branchial 
arches, and the pelvic girdle lacks the ypsiloid appa- 
ratus. But Amphiuma has an adult skull which resembles 
remotely that of the Salamandridos. The otic apparatus 
is that of the PletliodonUdce. There is no prearticular 
bone. It is quite possible that this genus is descended 
from primitive Salamandrids. 

The others have directly comparable skulls, branchial 
arches, and pelves, and in dealing with their relationships 
we are on much firmer ground. 
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Several characters divide them into two series, which 
should, I think, rank as superfamilies. 

1. Prearticular bone. Present in Cryptobranchidce and 

Hynobiidce, and absent in Ambystomidce, Salaman- 
dridce and Plethodontidce. 

2. Second epibranchial. Present in Cryptobranchidce 

and Hynobiidce, and absent in Ambystomidce, Sal- 
amandridce, and Plethodontidce. 

3. First ceratobranchial and first epibranchial fused into 

a single cartilaginous rod in Cryptobranchidce and 
in Hynobiidce. Separate elements in Ambysto- 
midce, Salamandridce (exc. Salamandra, where all 
parts fuse), and Plethodontidce. 

4. Nasals meeting in median line and premaxillas without 

nasal process in Cryptobranchidce and Hynobiidce. 
Nasals separated by nasal spines of premaxillse in 
Ambystomidce, Salamandridce, and Plethodontidce 
(exc. Pseudotriton, where nasals overlap premaxil- 
lary spines). 

5. Pubotibialis muscle fused with puboischiotibialis in 

Cryptobranchidce. The two muscles are separate 
in all other salamanders (Noble, 1922). I have 
ascertained that the two are fused in Hynobius 
and in Onychodactylus. 

6. Larva? of Ambystomidce, Salamandridce, and Pletho- 

dontidce have the first ceratobranchials fused with 
the second basibranchial (Smith, 1920). This fu- 
sion does not occur in larvse of Cryptobranchidce 
or of Hynobiidce. 

Within the superfamily Salamandroidea the Ambysto- 
midce and the Salamandridce are about parallel. The 
long posterior process of the prevomer distinguishes the 
Salamandridce, and as the parasphenoid tooth patches of 
Plethodontidce are the morphological equivalent of this 
process (Wilder, 1920) it is probable that some primi- 
tive Salamandrid (having the two otic elements free) 
gave rise to the much degenerate Plethodontidce. The 
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mountain brook habitat of the ancestral Plethodontid 
(Wilder and Dunn, 1920) accounts perfectly for the re- 
tention of the columella through adult life as a working 
part of the sound-transmitting apparatus. 

The Cryptobranchoidea contains two families. Of 
these the Hynobiidce. is the more primitive. The Crypto- 
branchidce differ in lacking the lachrymal bone, in the 
larval position of the vomerine teeth, and in the much 
depressed form of the body and head, the last two evi- 
dently adaptations for aquatic and bottom-living habits. 
Besides the characters mentioned in the list as aligning 
the Cryptobranchidce with the Hynobiidce, several minor 
points also show this relationship. Both Ranodon and 
Hynobius frequently have a lateral fold between the in- 
sertions of the legs. This is very prominent in both 
Cryptobranchus and in Megalobatrachus, and is not 
found elsewhere. Onychodactylus larvae have a marked 
fold on the posterior side of the limbs. This is seen else- 
where only in Cryptobranchus and in Megalobatrachus. 

Inasmuch as the characters differentiating the two gen- 
era of Cryptobranchidce have not been clearly understood 
in the past they are here stated. 

Megalobatrachus, Two persistent branchial arches : 
Frontal not entering naris : 
Branchial clefts closed in adult. 

Cryptobranchus, Three persistent branchial arches : 
Frontal entering naris : 
Branchial clefts open in adult. 

In all three of these characters the American genus 
shows greater adaptation to aquatic life. The European 
fossils of this family appeal to Megalobatrachus in the 
one skull character which separates the two genera. 
Neither in Andrias schuchzeri nor in A. tschudii does 
the frontal enter the naris. 

It is also interesting to note that Megalobatrachus 
shows no "Derotreme" characters whatever, although 
in the older classifications it was included in the Dero- 
tremata. 
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The extreme antiquity of the Caudata can be readily 
seen when an end form, a river adaptation, is f onnd in 
Oligocene times. 

This of course puts the origin of the main stocks back 
at least to the end of the Mesozoic, a conclusion to which 
the distribution also forces us. 

The primitive characters appear in widely scattered 
and rather unrelated forms. The free prearticular has 
already been mentioned. A free lachrymal is found in 
Hynobiidce and in an Ambystomid, Rhyacotriton. A 
postfronto-squamosal arch is found in one group of the 
Salamandridce. A T-shaped parasphenoid is found in an 
Ambystomid (Dicamptodon) and in a Salamandrid 
(Tylototriton). Long maxillas are found in the two 
forms just mentioned and in another Salamandrid, 
Pachytriton. Posteriorly projecting prevomers are 
found in Amphiuma, in all Salamandridce, in some Hy- 
nobiidce (Hynobhis, Pachypalaminus) , and to a less ex- 
tent, in Dicamptodon. 

All these are theoretically primitive skull characters 
of amphibians. Their appearance separately in diverse 
forms is sufficient indication that the three families 
Hynobiidce, Salamandridce, and Ambystomidce, while con- 
taining all the more primitive forms of the order, stand 
in no direct genetic relationship to each other, but must 
be derived from a more or less remote common stock 
which combined the otic apparatus, lachrymal, and pre- 
articular of Hynobius with the long maxilla, T-shaped 
parasphenoid, and postfronto-squamosal arch of Tylo- 
totriton. 

The evidence of Paleontology, as far as it goes, sup- 
ports this view. I intend in a later paper to assemble the 
meager facts regarding fossil salamanders. These facts, 
it may be here stated, lend no support to the prevalent 
view that the Proteida are an old, a primitive, or an an- 
cestral group. 

The following outline classification indicates the size 
and position of the modern groups. The genera and 
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species of the Salamandridce are probably not wholly ac- 
curate. Future work will perhaps indicate the affinities 
of Amphiuma, the Proteidce, and the Sirenidce. 

Of the larger families, the Hynobiidce are entirely 
Asiatic, the Salamandridce are Eurasiatic with four 
American species, the Plethodontidce are American with 
two species in Europe and four in South America, and 
the Ambystomidce are American with one Asiatic species. 
As the Northern land masses have been connected with 
each other during Tertiary times this distribution is 
not extraordinary, although close resemblance between 
widely separated species is eloquent testimony as to the 
antiquity of some of the "modern" forms. 

Twenty-two of the recognized genera and 105 of the 
species are restricted to North America, 13 genera and 
56 species are Eurasiatic, while three genera are found 
both in North America and in some parts of the Old 
World. 

Mutabilia 

Salamandroidea. 

1. Ambystomidse 3 genera, 16 species. 

D-ioamptodon 2, Bliyaeotriton 1, 
Ambystoma 13. 

2. Salamandridse 7 genera, 37 species. 

Salamandra 5, CMoglossa 1, 
Ty'ototriton- 2, Pacliytriton 1, 
Peurodeles 3, Triturus 24, 
Salamandrina 1. 

3. Plethodontidffi 16 genera, 83 species. 

Vesmognathus 7, Leurognathvs 1, 
Pletfoodon 11, Ensatina 3', 
Hemidaetyliwn 1, Aneides 4, 
Batraohoseps 6, Stereochihts 1, 
Typhlotriton 1, Typhlomolge 1, 
Gyrinopliilus 2, Pseudotriton 5, 
Eurycea 10, Hydromantes 3, 
(Edipus 23, CEdipina 4. 
Amphiumoidea (Relationships uncertain, possibly should stand as a 
family under Salamandroidea) 

4. Amphiumidae 1 genus, 2 species. 

Amphiuma 2. 
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Cryptobranchoidea 

5. Hynobiidse 5 genera, 20 species. 

Synobius 15, Paehypalaminus 1, 
Onyoliodactylus 2, Bcmodon 1, 
Batrachuperus 1. 

6. Cryptobranchidse 2 genera, 2 species. 

Megalobatrachus 1, Cryptobranehus 1. 
Proteida (Relations uncertain) 

7. Proteicte 2 genera, 3 species. 

Necturus 2, Proteus 1. 
Meantes (Relationships uncertain) 

8. Sirenidae 2 genera, 2 species. 

SiVeM 1, Pseudobranchus 1. 
Total number of genera 38, of species 165. 
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